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Wc, Western Electric Company, In- 
corporated, of 195 Broadway, New York 
City, New York State, United States of 
America, a Corporation of the State of New 
Yorkj United States of America, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to.be parti- 
cularly described in and by the following 
statement:- — 

This invention relates to film resistors, and 
methods of fabrication thereof. 

In recent years, the miniaturizatioii of com- 
ponents and circuitry has been a major devel- 
opmeat activity in the electronics industry. 
Pardcular emphasis has been placed upon the 
development of a thin film material, suitable 
for resistor purposes, which evidences the 
combined properties of high specific resistivity, 
a low temperature coefficient of resistance and 
high thermal stability. 

Among the more promising materials 
developed thus far have been sputtered films 
of tantalum which typically evidence resistivity 
values of 250 ± 50 micro ohm — cm, sheet 
resistance values of the order of 100 ohms/ 
square, temperature coefficient of resistance 
of approximately + 100 ppm/°C. and 
thermal stabilities of + 2% change in 
resistance after 1000 houris at 100°C. Although 
such tantaliun components are widely used 
and satisfaaory for most device purposes, the 
need has developed for a technique of fabric- 
ating a resistor film material which evidences 
appreciably higher resistivity and stability than 
heretofore attained while maintaining effective 
temperature coefficients. 

In accordance, with one aspect of this in- 
vention there is provided a method of -fabric- 
ating a deposited fihn resistor, in which 
^deposition of tantalum on to a substrate occurs 
in an atmosphere containing oxygen such that 
the tantalum reaas with the oxygen, to fomi 
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an amorphous fihn of tantalum metal and 
tantalum pentoxide, 45 

In accordance with another aspect of the 
invention there is provided a deposited film 
resistor comprising an amorphous film of 
tantalum and tantalum pentoxide deposited 
on a substrate, which, fabricated by the method 50 
described herein results in a product evidencing 
specific resistivities of 1000 micro olim — cm 
and higher, sheet resistance values of 1000 
ohms/square and temperamre coefficients of 
resistance within the range of —200 to —300 55 
ppm/^C. These desirable properties are 
achieved with an unusual increase in- thermal 
stability, amounting to less than 0.1 per cent 
change in resistance after 1000 hours at 150°C. 
Furthermore, in isolated instances where high 60 
resistivities are of major importance, as in the 
case of carbon composition resistors, films 
with appreciably higher resistivities are 
feasible. 

The invention will be more particularly 65 
described with reference to the accompanying 
drawings in which: . 

FIG. 1 is a front elevational view, pardy 
in section, of an apparatus suitable for use 
in produdng a film by reactive sputtering. 70 

FIG. 2 is a graphical representation on 
coordinates of specific r^istivity in micro 
ohm — cm against the oxygen flow rate per 
gram sputtered tantalxmi measured in micron 
cubic feet per gram (micron ndeaning pressure 75 
expressed in microns of mercury) showing the 
variations of resistivity at 25 °C. of 500 A 
tantalum films sputtered with varying oxygen 
flow rates with a total argon plus oxygen 
pressure of 20 to 25X10^ torr with subse- 80 
quent anodization, at 25 volts D.C. and thermal 
preaging in air, at 250°C. for 5 hours;; 

FIG. 3 is a graphical representation on 
coordinates of temperature coefficient of 
resistance in parts per million per degree 85 
centigrade against the oxygen flow rate per 
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■ - SiWc-feet toer •'••ram shbwing variations -in b; sputtered. . is removed , froni.. the cathode ana 
; t^pemure^l^eitSt of .KsiSance at 25°©n. t.l,us.. Jncreases- die rate. dcpc«it.on The 
ofsOO mtaluni films, sbuttered with.vary-. maximup. rpre^sure . is usuaHy. dicta^ by ^ 
5 Sg Syinfflow rates-wittf a total argoa. plus ,im.K«.?»P0:5llMPtatio^^ 

m ccordhiates- of change in resfsancej (per. cent) ,. way .be -.^mried, der>endmg,.upon the .size of 

^ - per gram -sputtered tantalum showing. ivana- r.maxifr.Lmv pressure ^s^\}?3t- JP^^P"! 
&i^esiLnce after 1000 hours at 150OG.,;.tem.^^a,te: reasca^b!»^^ the 
. ^ •With reference more particularly to 'FIG.; k : Frc?cribed,ht^^^^^ It.; ^o'l":^^' 

tbere^s^^hov/n an apparafjs suitaHe ior ,;,di5Cuss=Gr. , above, ^ 
V . JePosit^n- fito^by"^^^^ sputtermg. Shown />,-is ^cternilned- by the. lowest deposition rate 
^ ' .which , c,n .bcv ecc.nonvcal!y . to 

are disposed cathodes 12 rand :,ano^ is , attained cathode 12 

: t ; SS?l^Fbe.:am^ onK vis" J^d?, electrically .negayye w. A respect to, 

on n 1 tern atiVelv niav ■ serve - as -■ the base; for t the ; = ano de .13. . * ; r i ■ i ^ ■ - 
. .SS^IfeStt^ may be in^he ^ of. 

a coaTin<T foU or odier suitable physical forra, ; ,to increas- 
rStfi deSll potential.14 is sW. ing, the . pctenrial difference between anode 
■ : . ■ c6nnSlW;Srcathode, 12 and anode 13. .cathode 12 has the same effect as 

25 PkS 15 is employed ' as a ; positioning increasing the pressure, thar o^^ 90 
' 4uppoS^^for ;substrafe 16;: upon .:whiehr the i the rate of deposition and .the, current flow 
; • ■spKd«s lo be dep(^ited..Masfccl7-£AcQordirsly,^^^^ 

is pSced on substratc-16 to restrict =the.. by ccnsideriition of - tke- same factors control- 
^^wr,^;+;nTi r« 'rfiic iirf*a * . -i-^ V= :—.- -JinS fthe maximum- p - • 

. deppsmon^^^this.^^^ - conveniently The spacing be^^veen anode and cathode • 95 

- desTribed'^ta il by ieference fto..ah,4.fe ^^"^'T"; ' o^HncT'^C 

• trative example in ■whidi tantalum is erar-rseparat^ required to produce aglow 

ployed.as caAodW l2 ia;the apparatus-shpjyii v di^eha^^^^ . 

m FIG 1- - f rt. : T in-- ing.jc occur; Manj' dark stnations are. well 

35 ■ -Preferred substrate materials are glassesjar ••, !■ ncwii.i and.,haye^^^ been gi\:en names, as for IW 

"lazed ceramies;nThe3evmaterials meet the e::ample, Crookc s Rark Space (See Joos, • 
: ■ .i^re^n% of . heat, resistance and ncn.pn-.;,r^Thecredc.al Physics^V H|ft^ York, 
, ductivity - essential^ forr^substrates, utilized/.in i 19.50,; page...435:>et, seq.). For the best effici- 

: ^^b^^^ should . be ,u==sitipned . ,inimcdiately without 10 

^ . Gonventional cleaning agems are- suitable,, the .- , Dark rSpace on. the side closest to 

- : a specifie one .being dependent .upon ,,.the^anpde Lccatioii. of substrate 16 doser • 
. - the composition of the: substrater itself.rrFpr rtf.g. caihq of poorer 

- " example, where :the substrate consis.tS:of;:glas%i; i quality. .^Locating -substrate . 16 further from 

" • 45 : boiling in aqua regia or'thydrogen peroxidei.:is , cathcde 12 resulis in the^impmgement on the I|i 
. ai convenient method ,for..clP^ning:;the.surface... -..substrate. -by, a smaller .fraction of the total 
Substrate 16 is iplaced .upon ;plaTfQnn 15, imetal ssputtered, therebvnincreasing the ^time 
r as: shown in . FIG.- .1, and maskH-17>:is.then -i.necessary.to. produce a dcpcfit of given thick- 

.•^' ' suitably positioned.; jPlatfonn' 15 and^-.^^^ i .-^ „f u 

' ■50 ' mav be fabricated ; from any ^irrefractoiyvn; •. ^ =tbnt the location, of 11 

' ■ ; ; material Hfowevfer, it .may- be eonvenienthtp/o Grcoke's Dark.Spac? changes with vanations 
" ^u<e a metal; such as aluminium, i for easeiinrjiinthe.pressure, it.moving clescr to the cathode 
. fabricating mask 17. To.obtain sharply defiiicd,,-.iWith •inCTeasing pres^^^^ As\the substrate is 

deposits, ""it is. necessary to have . mask- 17;:i mcved. clcser,,tc -rhe caih(^c it ttiids to act as . 
. "•5b r^bearing against substrate -16 under e-xtemally .•- an.cbstacle in the path of gas ions which are 12 

- applied p?essurci. r *' •. -. f i • ba • y Id. ;. .-ibombarding... the cathode. Accorfingly, the 
, . . In order- to . bbtaiii ihe"desiredi--propeitiesl./ p^^^^ 

■ ■ ■ '<. 'smd to maintain rclose cohtrol of the process so that ;Grpo.ke\,Dark. Space is located beyond . 
. ■ it is' essential to initially- evacuate .the syst.emnpthfrv point, .a^ cause. . . 

An. 'o lb-* torr, thereby assuring a sufficiently^;.- cshicldmg or the; crahG.de^^ : .^..^ _ t 
low level of background gas. Next,: oxygen, isr -KThe balancing of these- various faaore of 



low level OI.paCKgrpuilU. Jia&. j.Ni?^^>3,^^.>>aVff^^ v «r 

admitted 3t - a dynamic pressure, and^ after./; , voltage,. pressii re i and relative positions ot the 
attamins equinbrium argon is admitted, cathode,:^ancd^ and substrate; to obtam a high 

Increasing the inert gas pressure and.ther^-. 4. quality. deposit- is well k^^^^ sputienng 



f>5 by reducing tiie vacuum within chamber 11 art. 
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With reference now more parScuIariy to the trend reversing slightly at flow rates of 
'the example under discussion^; by misemploying - 40G0 micron .cubic feer per gram. For the 
a suitable- vohage,' pressure- and "s^^ purpose of (the present^ method pure oxygen 

the • ■ various elements withiii' the vacuum : (having, a plurality of. 99.99* per cent) is 
5 chamber, an 'aniorphoiis film of tsmtalum and . '^required;^ • ; :? . , ... 70 
tantalum pentcxide is deposited* in a^ configura- With, reference 'once /again -to the example 
tiqn determined ^by'' mask '17:=^^ is maintained 

;is conducted for^'i^ periqfr'iK time^'^ temperatures within the range of 100 to 

:to pircduce the' desired'-'thiekiiess/ r < '-i 400°C. during the reactive sputtering process. 
10 The minimiuii. thibloies^^^^ below 100°G. result in poor 75 

. ' d(^6sk^ upon the substmeis 400 Angs^^^ adherence of the 'film to the substrate due to 
There is no maximiuri jiiTnit on thi^ diicWness I 'outgassing of . the substrate, whereas temper- 
althougii little' advantage' is gained 'by an ^ appreciably beyond .400°C. adversely. 

;' ^ 'increase beyond 2000 Angstroms, ' i^^ ' •* affect^ 'stability. ■= 

i5 FIG; 2 is ia graphical representatioii'^^^^ f .F(>llowing the deposition technique, the 80 
' ing the specific resistivity in micro ohm— cm resultant film which is composed of an amor- 
' *. at 25°C. of tantalum:':films/-wfalch are 500:::phous mixture of:, tantaltim and tantalum 
' Angstroms thick sputtered- wth a total prcsr .pentoxide is anodized foir the purpose of 

■ • sure of 20 to 25X10'^ torr; of Jargon plus adjusting- :the value of resistance to a desired 

20 - • oxygen plotted as a- function of die flo\V rate i devel, such- teclmique . disclosed in Patent 85 
of oxygen per gram of sputtered' tantalumJ Specification No. 896071. - " 
^Each'^pf the films so prepared was aftodized ^ Ne::t, the anodized films are heated in the 
at 25 volts and thermally preaged^^in air ^^^a^ temperatures within the 

■ '*250^G: for 5 hours subsequent to sputtering. .ica-ange a time period 

25 Two sets of data- are presented in ohier to, , within the range . 6f M to 5. hours, thereby 90 
show variations, due to -the -i^^ sta.bilizing - said fihws, ■ - 1 

* employed^ during sputtering.; The. films -in; : An example of the~present invention is 
series A v/efe sputtered using^ 25' litre/second^^^ in detail below. This example and 

• diffusion pump while those in series B were the ^^^^^ 

30 sputteted using a 300 ilitre/s^cond diffusion merely to. aid: in the understanding of the,. 

'Pump. - : ■• ■ ■ v^r ; '::. ,,.; invention. ^ ; r " 

- ' As is licted from' the gfaph^it is pd^^^ - ; ' v. Exami-le ^ 

■ ' obtain film resistors havingi-spedfic resisrivi- ^: '^^ This* example describes the fabrication of 

tics ranging from at I6ii^t* 2^^ :. ; 

35 cm to' values of 100,000 riiicro*— ohm cm, such A sputtering apparatus similar to that ^^^0 
- properties not; being heretofore ^ attained, in: - sho^m rin^FIG.* 1 was used to produce an" 
thin film resistors.' -^ i --^^ ^ 'i^^^ ^i'Jamorplrousi fibn;.'of ^tantahjm and tantalum 

• - " ' An analysis ; of ^ OTGl • 5[5which>;-'shov/8 the ' pentoxideJ-^The- cadiode- consisted of a circular 

• temperature cCefiicient' plotted a'galnsiiriflow. o mntalumydiski 250 mils- thiclc indies in. 

•' 40 - ; rate of oxygen per ;grani' of; sputtered tantalum diameter, widi .less: jdian : 100 rppm interstitial 105 

- ' for: the same groiip of rasismrs asv^repri^^ In the - apparatus actually em- 

• by the data' ih FIG. 2 indicates chat tfiei rise ..p^^ the potential 

' ■ • in"' rtsisdvityi ' afibve antidpated- being, obtained by making the, 
; '; acccmpariiGd by a decrease in the t^mperature -^Gitthode 'negative- -w^^ to ^rdi. 

45 coefficient of -fesistiVity ta values^ w 110 

- range cf — 200 to — 6G0 " ppm/'?O;^-''- - arid : 3' inches in' length was used as a sub- 
-The use of oxygen flow 'rates ni^5ured;;inrr'stt^^ 3/8 inch by \/A inch 

'! micron cubic feet ' per '^gr^ oP spBtterbd i were.c silk scrieehed ion each longitudinal side 

• tanfelurn withirt : the , range "of :1GO--10,GOO ^of the ^ubstiijte.-r The gold terminals v,rere 
50 result in resisdvities and temperatute i Goeffi- &ed at 500° G. and had a- final resistance 115 

dents within the desired- ranges; ' Although- of 0.1 ohm per-square. The terminated slides 
satisfactory resistor^ may= %^ vi^ere = then ckaiied using, the following pro- 

• 'Utilizing flow rate&lesslthdn/lTO eedure. The slides were first washed'* in a 
feet per gram a'l6wer'^iitiit 'has;b^ri-set;t^^ detergent, to remove large particles of dire 

• 55 pr^oical purposes.>'rae ^ijipei^ ^ease, and vigorotisly washed in tap 120 

• micron ■ cubic feet pCT^giam' is likewise not ^'^water for ^ several >^minutes; followed by a dis- 

■ ; absolute and flow ' rateis ^app^^^ beyond tilled water ririSc. '-"', ' . . 

this level may be ?'employed*:iwilMt3^^^ evacuated by 

' > any' deleterious i^tilfi ■^■ity:.^.\'\ cr^y-Uy means of i roughing pump and an oil diffu- T 

" 60 ■ - Irl FIG.' 4 there^is shbwi^i^ a pressure of IXIO"'^ torr of 125 

sentatiori' of fife test- data-'obtained^for the mercury after a time period within the ran<re 

series B resistors which -were maintahicd at of 1 to 2 hours. Next, the substrate was 
' - 150°fc: for =1000 hoiirs. The thermal lifeutest-^ heated to- a temperature of 400° C. After ob- 

data indicates that enhalKred stability^ is^ ibb- taining such temperature, oixygen was admitted 
65 taiiied at increasing o^^ygeri. flow ^ into the chamber at a dynamic pressure and 130 
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after obtaining equilibrium argon was ad- 
mitted into the chamber at a pressure of 
25X10-^ torr. During the sputtering reaction 
the flow rate of the oxygen- was maintained 
5 at 1500. micron cubic feet per gram of sput- 
tered tantalum. 

The anode and cathode were spaced 2.5 
inches apart, the clean substrate being placed 
therebetween at a position immediately with- 
10 out Crcoke's Dark Space. The substrate \yas 
maintained at a temperamre of 400°C. during 
the sputtering reaction and a D.C. voltage 
of 4000 volts was applied across the cathode 
and anode. In order to establish equihbrium 
15 when first initiating the sputtering, it was 
found helpful to sputter on a shield for 30 
minutes, thereby assuring reproducible results. 
Sputtering was conducted for 5 minutes, pro- 
ducing a layer of 500 Angstroms of an amor- 
phous film of tantalum and tantalum pent- 
oxide. Electrical measurements were made at 
each stage of treatment of the resistor. 

Next, the sputtered film was anodized at 
25 volts D.C. utilizing an electrolyte consist-: 
ing of ail aqueous nitric acid solution, .05 
per cent by weight. The anodized resistor 
was then thermally preaged by heating in air 
at 250°C. for 5 hours. 
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WHAT WE CLAIM IS: — 

1. A method of fabricating a deposited film 
resistor, in which deposition of tantaluna onto 
a substrate occurs in an atmosphere contain- 
ing oxygen such that the tantalum reacts with 
the oxygen to form an amorphous film of 
tantalum and tantalum pentoxide. 

2. A method according to claim .1, in which 
ttie substrate is maintained at a temperature 

Svithin the range of 100^ to 40O°C. . 
; 3. A method according to claim 1 or 2, in 

-which the flow rate, of oxygen in the atmos- 
phere is within the range of 100 to 10,000 



micron cubic feet , per gram of tantalum 
deposited. - . ■ 

4. A method according to any one of claims 
1 to' 3, in which the said film is thermally 
preaged by heating in air. 
. 5. A method according to claim 4, in which 
the said fihn is heated to a temperature with- 
in the range of 250^ to 400=^C. for a time, 
period within the range of 1 to 5 hours. 

6. The method according to any one of 
claims 1 to 5, in which the said fjhn is 
anodized in order to adjust the resistance . 
thereof. 

, 7, A method according to any one of claims 
1 to 6, in which formation of the said film 
is by reactive sputtering. 

8. A method according to claim^ 7, as 
appended to claim 6, in which deposition of 
the said film is conducted at a temperature 
of 400°C. with a flow rate of oxygen of 1500 
micron cubic feet per gram of tantalum sput- 
tered, anodizing said film, and heating said 
anodized film in air at a temperature of 
250*^C for a time period of 5 hours. 

9; A method according to any one of claims 
1 to 8, in which the minimum thickness of 
the said film is 400 A. 

10. A deposited fihn resistor comprising an 
amorphous film of tantalum and tantalum 
pentoxide deposited on a substrate. 

11. A method of fabricating a deposited 
film resistor substantially as herein described 
with reference to the example. 

12. A deposited film resistor fabricated by 
the method of any one of claims 1 to 9, or 
claim 11. 

H. L. JAOECSON,- 
Chartered Patent Agent, 

5, Momingtcm Road, 
Woodford Green, Essex, 
; Agent for the Applicant. 
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